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REAL-TIME HYPERBOLIC SYSTEM FOR
DETECTION AND LOCATION OF THUNDERSTORMS

Dr. Horst A. Poehler, Staff Scientist
RCA Service Company
John F. Kennedy Space Center, NASA
ABSTRACT

was by Lewis et al (1) using frequencies of
4-45 kHz and a baseline of 60 km. Lewis
matched the records to determine the time
delays. Because of the low frequencies used
he was able to locate the position of trans
atlantic lightning strikes. Proctor continued
the work using VHF frequencies in a system
that used a 15 km baseline. The Kennedy
Space Center's LDAR System advanced the state
of the art by employing digital and computer
technology to determine the time delays and
process and display the data. This shortened
the time required to determine the position of
a discharge from months to milliseconds. Mini
computers and especially-designed digital
INTRODUCTION
processors made real-time location and display
of electrical cloud discharges possible, up to
The susceptibility of launch vehicles and
rates as high as 50 data points per second,
spacecraft to lightning strikes makes it
providing a real-time system for identifying
essential for the Space Center to have avail
and locating electrified clouds approaching
able adequate thunderstorm warning and location and forming over the Space Center, VHF sig
devices. The need for such a warning system
nals in the 56-76 MHz range are received, and
was first demonstrated when lightning hit
detected by log IF amplifiers functioning as
Apollo XII a few seconds after launch. Thunder envelope detectors. The resulting video
storm warning systems were a critical require
pulses are transmitted back to the central site
ment for the Apollo-Soyuz program, where only a by wideband links. At the central site the
short launch window was available on a midpulse waveforms are digitized, and compared by
afternoon in July (the peak of the thunderstorm digital techniques to determine the time-ofseason). The LDAR Lightning Detection and
arrival of the pulses.
Ranging System was one of several instrumen
tation systems developed to provide the
A minicomputer of the Hewlett Packard 2100 type
necessary thunderstorm warning.
processes the times of arrival to calculate the
location of the lightning signal sources. The
solution of the hyperbolic equations for the
X, Y, Z position of the electrical discharge
PRINCIPLE OF OPERATION
requires time-of-arrival information from only
four stations (central and three remote).
The LDAR System is a time-of-arrival system
Since seven stations are available, two indepen
that functions by detecting the pulsed VHF
dent solutions for the source location are
signals that arise from the electrical
available, permitting the elimination of
discharges already present in developing,
spurious data point. This, together with the
and abundent in, mature thunderstorms. The
long 10 km baseline, helps to account for the
system operates in the 56 to 76 MHz range, and
high accuracy and reliability of the system.
utilizes seven receivers, located at the origin
and at the ends of the radial lines shown in
Fig. 1. The location of the cloud discharges
is determined from the times of arrival of
SYSTEM PERFORMANCE
the pulses at four stations arranged in a Y
configuration, with a baseline of approximately LDAR System performance is illustrated by
10 km. A typical pulse is shown in Fig. 2.
typical LDAR plots Figs. 3-7, of thunderstorm
activity. In Fig. 3, we see a storm 75 km to
The first reported use of a time-of-arrival
the south at 2047 hrs GMT or 4:47 in the
system to locate the position of lightning
afternoon. The plot shows all the cloud dlsThe design and performance characteristics of
a real-time, time-of-arrival lightning detec
tion and ranging system (LDAR) are presented.
To illustrate the Systems' capabilities,
comparisons of LDAR data with thunderstorm
data taken by weather radar, with groundstrike
location, and with airborne electric field
strength, air turbulence, updraft/downdrafts,
and satellite IR photos of thunderstorms are
presented.
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charges that occured in a 53 second time
period, and represents some 100 discharges,
that is, a rate of 2 per second. The central
LDAR station is shown at the center of the
50 and 100 km range rings. The coastline is
shown for reference.
The height of the LDAR discharges is represen
ted by the graph at the left. The upper
graph contains the height data for all the
LDAR discharges to the north of the LDAR site.
The lower graph contains the height data for
all the discharges south of the LDAR site.
For each data point in the range azimuth
plot there is a corresponding point in the
height-range plot. Positive identification is
best made in real time since the two dots
occur simultaneously. The height range plot
in Fig. 3 shows the electrical discharges
occuring at heights ranging from 8 to 18 km.
A second storm is also evident in the north
west. Continuous LDAR records for the day
show that this storm started at 2007 hrs
GHT and, at the time shown in Fig. 3,is
dying out. The storm shown in the south
remained in the area shown in Fig. 3 until
2103 hrs GMT at which time it started moving
to the west.
Another storm located some 40 km northwest
is shown in Fig, 4. The data shown was re
corded on July 28, 1977 at 2001 hrs GMT or
4:01 in the afternoon. This plot shows all
the 500 cloud discharges that occured over
423 second time period, and represents a
rate of 1.2 discharges per second. The
height plot at the left shows the height of
the cloud discharges to range between 8 and
20 km. Continuous LDAR records showed this
storm to have developed in the area shown
some 20 minutes earlier, and shows it to
move southerly to a due west position, where
it persisted until 2131 hours GMT.

in a 4.8 second period, giving a rate of some
26 discharges per second. In addition to the
two local storms there is a third storm some
20 km to the southwest. Fig. 6 also illus
trates an important characteristic of the
LDAR system, that is the ability to track a
number of thunderstorms at the same time,
regardless of their location.
An interesting plot of the LDAR systems capa
bility is shown in Fig. 7. In this figure we
show LDAR's track of a plane (NASA 6) that was
fitted with lightning simulator. The plane
flew a tortuous path at 10,000 ft elevation
designed to exercise the LDAR system. For
purposes of calibration the plane was also
fitted with an S-band beacon and tracked by
an S-band radar. This test and subsequent
calibration tests using a retroreflector
tracked by the Precision Laser Tracking System
(PLTS), designed for use in callbrating the
Microwave Scanning Beam Landing System (MSBLS)
to be used on the Shuttle, showed the LDAR
System accuracy to be better than 0.5% in
range and 300 meters in altitude for points
higher than 2 km, within the 10 km baseline
of the LDAR system.
CORRELATION OF LDAR WITH WEATHER RADAR PRECIP
ITATION ECHOS AND GROUND STRIKE LOCATIONS

Figures 8 to 10 present the correlation of
LDAR with KSC S-band weather radar precipita
tion echoes and with ground strike locations.
In these plots the outline of the precipita
tion echo and the ground strike location are
shown superimposed on the LDAR plot, which
has been chosen to show all the LDAR cloud
discharges occuring from one minute prior until
the ground strike. All the data was taken at
KSC on the afternoon of September 6, 1977.
Figure 8 focuses on the ground strike that
occured at 1918:52.2 hrs GMT (3:18) in the
afternoon. The LDAR cloud discharges shown
are all those that occured over the one
minute time period, just prior to the ground
strike. The height of the cloud discharges is
centered at 9 km, and the LDAR 'discharges are
seen to cover only a portion of the 8 km
weather radar precipitation echo. This
illustrates LDAR's ability to identify the
electrified portions of what is generally a
much larger radar precipitation echo. The
ground, strike can be seen to occur within
2.5 km of the center of the LDAR. cloud dis
charges.

Fig, 5 shows a 31 minute LDAR record. Over
this time period a storm that was originally
in the northwest at a range of 45 km moved
southerly and westerly, ending up at 80 km
south of west. The heights of the various
thunderstorms stand out clearly in the rangeheight plots, which can be used to gauge the
severity of the thunderstorms. The higher
the discharge points* the more severe the
storm* On this basis we can say that the
storm 40 km to the northwest and the storm
55 km to the west are the more severe of the
four storms,
F1g, 6 shows two storms, recorded on August
11» 1977 at 5:16 pm very close to the Space
Center., One is just off the port, and the
other is just a few km west of Headquarters.
The storms are very active, since the plot
shows TOO cloud discharges to be recorded

Figure 9 focuses on the ground strike that
occured at 1903:52.7 GMT. The LDAR discharges
are those occuring in the one minute time
period just prior to the ground strike. Again,
the distribution of the LDAR cloud discharges
4-38

shows that only a small portion of the 8 km
precipitation echo is electrically active.
The ground strike takes place within 2 km of
the center of the LDAR discharges.

conservative estimate, we can take the maxi
mum distance at which 20 kv/m is reached for
any data point. This would indicate that an
electric field of 20 kv/m could be reached at
a distance of 5 statute miles (8 km) from an
LDAR data point.

Figure 10 focuses on the ground strike at
1933:01.79 GMT. The LDAR cloud discharges
shown are all those that occured during the
one minute time period just prior to the
ground discharge. The distribution of the
LDAR cloud discharges show that only a very
small portion of the 8 km precipitation echo
is electrified. The ground strike can be
seen to occur within one km of the center of
the LDAR cloud discharges. It is worthy of
note that in this data, and in other data we
have taken, the ground discharges are gener
ally observed to occur near the edge of the
precipitation echo.

CORRELATION OF LDAR WITH TURBULENCE AND
UPDRAFT/DOHNDRAFT MEASUREMENTS

Simultaneous LDAR and turbulence and updraft/
downdraft measurements, made by an armored
T-28 aircraft flying through thunderclouds at
3:50 on the afternoon of August.13, 1978
provided an opportunity for correlating LDAR
data with turbulence and strong updraft/
downdraft found in the cells of thunder
storms. The turbulence and updraft/downdraft
measurements were made by the Institute of
Atmospheric Sciences of the South Dakota
School of Mines and Technology, and the data
was furnished to us by Mr. Dennis T. Musil,
Research Scientist.

EXTRAPOLATED ELECTRIC FIELD STRENGTH AT
CLOUD DISCHARGES INDICATED BY LDAR.

Simultaneous airborne field strength and
LDAR measurements made possible the extrapo
lation of electric field strength values at
cloud discharge points indicated by LDAR.
On July 30, 1976 airborne field strength
measurements near thunderous clouds were
made by Johnson Space Center personnel A
typical airborne field strength measurement
is that shown in Fig. 11. The corresponding
LDAR plot, onto which the position of the
clouds of Fig. 11, as well as the airplane's
path, have been superimposed, is shown in
Fig. 12. Note that the plane flies near, but
not through, the cloud discharges indicated
by LDAR.
From a series of measurements of the type
shown in Figs. 11 and 12, a plot Fig. 13 of
measured field strength as a function of
distance to the nearest LDAR point was
constructed. Extrapolation of the scattered
data shown in this plot indicates the electric
field strength at cloud discharges indicated
by LDAR to be of the order of 200 kv/m,,
This figure is in agreement with the value
of field strength considered to be the min
imum field required to break down air at the
level of a cloud, in the presence of water
droplets.
The importance of Fig. 13 is that it pro
vides us with the ability to estimate the
electric field in the vicinity of a cloud
discharge indicated by LDAR. For example,
Fig. 14 indicates that the 20 kv/m level pre
dicated by Heinz Kasemir as sufficient to
trigger lightning for a missile of the Saturn
type may be found at 2 statute miles (3.2 km)
from a LDAR data point. If we desire a more

Figure 14 shows the composite LDAR, flight
path, updraft/downdraft, and turbulent para
meter plot for Pass 6 through the thunder
cloud. The aircraft altitude for this and
other passes was approximately 6500 meters.
the LDAR plot is the composite of all the
LDAR activity that occured during the transit
of the aircraft, some two minutes. From the
extent and the number of LDAR points shown
it is clear that this was a very active
thunderstorm. Note that for safety reasons,
the armored aircraft did not fly through the
center of the storm but along the southern
edge. Note also that at this time there were
at least four separate thunderstorms in
progress, all of which were registered by the
LDAR System. It is clear from the composite
plot that the turbulent parameter and the
updraft/downdraft were considerably increased
during the pass through the thunderstorm.
Note also that updraft/downdraft data shows
the storm to be made up of several cells.
Figure 15 shows data taken during the portion
of the flight that the aircraft was outside
of the thunderstorm. Compare with Fig. 14
and note the difference in the magnitude of
the updraft/downdraft and turbulent para
meter. These and other data show close
agreement between LDAR activity and updraft/
downdraft and turbulence in thunderclouds.
CORRELATION OF LDAR WITH SATELLITE IR PHOTOS
OF THUNDERSTORMS

GOES satellite infrared photographs provided
the opportunity to correlate LDAR with satel4-37

lite IR photos of thunderstorms and permitted
demonstration of the long range capability
of the LDAR System.
The intensity of the radiation plus the ex
treme height at which impulsive radiations
originate in thunderstorms make it possible
for LDAR to detect thunderstorms at dis
tances considerably in excess of the 6
mile (10 km) baseline of the LDAR System.
At the same time, the line-of-sight prop
agation of the high frequencies at which
LDAR operates, eliminates over-the-horizon
response, which is not desired.
While the accuracy of the LDAR System
decreases as we go out to many multiples
of the baseline, quite usable data can
still be obtained as far out as 110 miles
(180 km).
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In Fig. 16 we present an 1831 GMT GOES infra
red photograph of the State of Florida, taken
on July 19, 1977. The GOES satellite infra
red photograph provides useful information
for identifying thunderstorms, since the
tops of thunderstorms present the coolest
temperatures, which show up as black centers
surrounded by lighter (warmer) areas. Three
thunderstorms are visible in the center of
the State; one slightly NW, one W, and one
slightly SW of the Kennedy Space Center.
For comparison the LDAR plot of 1831 GMT
is shown in Fig. 17. Remarkable agreement
is evident.
A more distant thunderstorm, one just off the
west coast of Florida near Tampa (some 110
miles from the Kennedy Space Center) at 2031
GMT July 19, 1977 is shown in Fig. 18. The
corresponding LDAR plot of 2032 GMT, Fig. 19,
shows remarkable agreement, and illustrates
the extended range capability of the LDAR
System.
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